IMPORTANCE Excess consumption of sodium is an important cause of hypertension, a major risk factor for heart disease and stroke. The higher the level of consumption, the greater is a person's likelihood of developing hypertension. Numerous organizations have recommended reductions in sodium intake in the United States. Roughly 80% of the sodium consumed by Americans has been added by food manufacturers and restaurants. RESULTS Between 2005 and 2011, the sodium content in 402 processed foods declined by approximately 3.5%, while the sodium content in 78 fast-food restaurant products increased by 2.6%. Although some products showed decreases of at least 30%, a greater number of products showed increases of at least 30%. The predominant finding is the absence of any appreciable or statistically significant changes in sodium content during 6 years.
H igh blood pressure, defined as a systolic blood pressure of at least 140 mm Hg or a diastolic blood pressure of at least 90 mm Hg, is a major risk factor for heart disease and stroke. More than 65% of adults in the United States have blood pressure levels higher than normal, defined as levels of less than 120 mm Hg systolic or 80 mm Hg diastolic. 1 The estimated 70 million persons with blood pressure levels between 120 and 139 mm Hg systolic or 80 to 89 mm Hg diastolic have a 1.5 to 2.5 times greater risk of having a heart attack, a stroke, or heart failure in 10 years than those with normal blood pressure levels. 2 For every increase of 20 mm Hg in systolic blood pressure above 115/75 mm Hg, the risk of death from coronary heart disease and stroke doubles. 3 Hypertension affects almost 75 million American adults and represents an even greater risk. 1 In the United States, the prevalence of hypertension rises dramatically with increasing age; the lifetime probability of developing hypertension is perhaps as high as 90%. 4 Persons of black race/ethnicity have higher blood pressure levels than persons of white race/ ethnicity, which is one of several contributors to their higher mortality rates from cardiovascular diseases. 1 Less than 50%
of hypertension is controlled to levels below 140/90 mm Hg, usually through the use of medications. 5 Although controlling high blood pressure reduces the risk of developing heart disease and stroke, the risk remains higher than for those who have a normal blood pressure level naturally. Hypertension is a largely preventable risk factor. 6 The guidelines of the National Heart, Lung, and Blood Institute recommend the following 5 approaches to prevent hypertension: (1) reduction of sodium intake, (2) weight reduction in persons who are overweight, (3) regular physical activity, (4) moderation of alcohol intake, and (5) an eating plan that is rich in fruits, vegetables, and low-fat dairy products and reduced in saturated fat, total fat, and cholesterol. 6 Because of the high prevalence of elevated blood pressure levels and the associated mortality and morbidity, effective public health interventions that will lead to populationwide reductions in blood pressure are urgently needed. Reduction in sodium intake represents the approach most readily amenable to a public health solution.
There is a clear relationship between habitual sodium intake and blood pressure levels. A National Heart, Lung, and Blood Institute workshop report concluded: "There is an abundance of scientific evidence demonstrating a direct relation between salt intake and [blood pressure]." 7(p858) The workshop called the evidence conclusive. This evidence includes numerous animal studies, observational studies, and randomized clinical trials.
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The World Health Organization also characterizes the evidence linking excess sodium intake to cardiovascular diseases as conclusive. 8 Others refer to the evidence linking excess sodium consumption to hypertension as overwhelming and state that excess sodium is the primary cause of hypertension. 9 The evidence that excess sodium intake is a major cause of hypertension was recently reaffirmed by the American Heart Association. 10 Reducing sodium consumption represents an urgent public health need. According to one estimate, at least 150 000 premature deaths per year could be averted in the United States if the sodium content of packaged and restaurant foods was reduced by 50%. 11 The US Department of Agriculture and US 21 with some of that increase being due to increased food consumption. Changes in survey methods might also account for some of the increase. Based on the advice of the IOM that the Food and Drug Administration should set gradually decreasing limits on sodium in processed and restaurant foods, the Food and Drug Administration has been considering its options for several years. The food industry contends that voluntary reductions are preferable to regulatory limits. Because of recommendations that virtually all Americans should reduce their consumption of sodium and because most of the sodium they consume comes from processed and restaurant foods, it is important to assess whether the levels of sodium from those sources is changing. The Center for Science in the Public Interest previously monitored the sodium content of a small sample of approximately 100 pro-cessed foods. They found little change from 1983 to 2004 in sodium content. 22 In this article, we assess the magnitude of changes in sodium levels in a larger sample of 480 processed and restaurant foods between 2005 and 2011.
Methods
In 2005, Center for Science in the Public Interest staff ascertained from Nutrition Facts labels the sodium content of commonly eaten processed foods found at 3 supermarkets (GI-ANT Food store, Safeway, and Whole Foods Market) in Washington, DC, and one Walmart in Elverston, Pennsylvania. For this article, the authors categorized 402 foods still marketed in 2011 into 11 food categories (eg, baked goods, dairy products, and meats) with 88 subcategories (eg, white bread, whole wheat bread, and white tortilla chips). There were 1 to 13 brands per subcategory. Brands included national brands and store brands offered by conventional, upscale, and lowpriced supermarkets.
Because the purpose of the initial survey was to estimate progress in lowering sodium where there was ample opportunity to do so, the sample emphasized commonly consumed food categories that had substantial variations in sodium content among the different brands, although categories with little variation in sodium content were also included. Consistent with the focus on opportunities to lower sodium intake in the American mainstream diet, products marketed as low sodium or sodium free were not included. Fresh produce, soft drinks, bottled waters, alcoholic beverages, and other products that were unbranded or contained low levels of sodium by nature were not included.
The The processed and restaurant food categories included 159 products that were in the following top 5 sources of sodium consumed in the United States: bread and rolls (n = 39), cold cuts or cured meats (n = 31), pizza (n = 28), poultry (n = 32), and soups (n = 29).
23 Sandwiches, frozen dinners, and other multiingredient products that did not consist primarily of these 5 types of food were not included in those 159 products. For both processed and restaurant foods, the mean (SD) levels of sodium were calculated for each subcategory of products. A representative sample of subcategories was selected for inclusion in this article. After performing normalizing (log) transformations to correct for data skewing and back transforming to the original units, we computed for each period the mean (95% CI) sodium level per 100 g of product. We also assessed the number of foods that had changes in sodium levels that represented increases of at least 5% or at least 30% or did not change.
Implementation of a log transformation is a standard statistical procedure to allow data that are right skewed to meet the normality assumption that underlies statistical comparisons based on the means. 24, 25 If the normalizing log transformation, which is applied to the raw data and affects the means (95% CIs), is not applied to right-skewed data, the means (95% CIs) will be overestimated. Before any data were included in the tables, the means (95% CIs) were back transformed by taking the antilog of results expressed in log units, to return the estimates to the original units.
Results
Of the partial list of food categories surveyed that are given in Table 1 , smoked bacon had the most sodium of food categories surveyed, followed by Caesar salad dressing. Additional food categories are given in the eTable in the Supplement. 26 Despite narrow confidence limits, none of the aforementioned changes were greater than could be explained on the basis of chance variation. The evidence is most consistent with a lack of any substantial or statistically significant changes in sodium levels across the 6 years. The sodium content of different brands in a given food category varied widely (eg, one brand of tomato paste had a 5.2-fold higher level than the brand with the lowest sodium). Table 1 , and did not change in 115 (28.6%). The decreases were at least 5% in 128 products (31.8%) and at least 30% in 25 products (6.2%). The increases were at least 5% in 90 products (22.4%) and at least 30% in 28 products (7.0%). Of 78 restaurant foods monitored in both 2005 and 2011, sodium decreased in 33 (42.3%), increased in 43 (55.1%), and did not change in 2 (2.6%). The decreases were at least 5% in 26 products (33.3%) and at least 30% in 1 product (1.3%). The increases were at least 5% in 29 products (37.2%) and at least 30% in 6 products (7.7%).
Several major companies have committed to lowering sodium levels in some products over the next several years. A sampling of those commitments is given in Table 3 .
Discussion
Changes in sodium levels by the food processing and restaurant industries have been minimal. Indeed, although the sodium content of some processed foods in the sample declined by at least 30% between 2005 and 2011, a greater number of foods increased in sodium content by at least 30%. While the mean sodium content of 402 processed foods declined by 3.5%, the mean sodium content of 78 restaurant foods increased by 2.6%.
Given the modest number of products sampled, it is uncertain whether these changes are reflective of the overall food supply. However, as noted above, the categories surveyed included numerous products representative of the top 5 sources of sodium consumed in the United States, and most of the products were widely available national brands, were house brands of major supermarket chains, or were sold by major fast-food restaurants. The slowness of change indicates why the IOM concluded in 2010 that voluntary efforts since 1969 to lower sodium levels have failed and stated that government regulations were necessary to accomplish meaningful reductions. 19 In processed foods, the observed 0.5% mean decrease per year indicates that it would take a long period to lower sodium intake by about 50% from the current 3800 mg/d to the recommended 1500 to 2300 mg/d for most adults. The American Heart Association, the American Public Health Association, and the Dietary Guidelines Advisory Committee 27 all recommended that the entire population should consume no more than 1500 mg/d, a target that would take even longer to attain. Worse, the increase in sodium observed in restaurant foods is distressing given that 33% of calories are obtained from and 42% of the food dollar is spent on food purchased from restaurants and other sites outside of the home. 28, 29 We found wide variations within numerous food categories. For . Examples like those demonstrate that many companies could easily lower sodium levels and still have highly marketable foods. In some countries, the same food processing companies and the same restaurant chains have lowered sodium levels in otherwise identical products much further than they have in the United States. 30, 31 The scientific research demonstrating the critical need to lower sodium consumption has led to 2 important developments. In 2010, the New York City Department of Health and Mental Hygiene created the National Salt Reduction Initiative, now supported by more than 70 cities, states, and national health organizations. 32 Their goal is to persuade companies to lower sodium levels by a mean of 25% by 2014 and, consequently, to lower sodium intake by 20%. Also in 2010, the IOM report advised the Food and Drug Administration to take regulatory actions. 19 Those actions, as well as substantial national publicity about the dangers of high- sodium diets, have led several major companies to commit to lowering sodium levels in some products over the next several years (Table 3) . Another promising development is that the nation's largest supermarket chain, Walmart, has called on its suppliers by 2015 to lower sodium levels in their products by 25%.
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However, even if fulfilled, these commitments would not nearly address the amount of necessary reduction. Most Americans need to consume far less salt and other sodiumcontaining ingredients to achieve recommended sodium limits. That will be challenging, considering that decreasing the average daily intake from 3800 mg to 1500 mg would require companies to make major reductions in the sodium content of their products over several years (>70%) and for consumers to eat less cheese, bread, pizza, processed meats, and other major sources of sodium. The only way to achieve that reduction is for manufacturers to gradually and substantially reduce sodium levels over several years.
To our knowledge, this is the only survey that provides information on the sodium level of several hundred individual products over time. A particular strength of the survey is that the foods were chosen without any knowledge of possible future reformulations. Another strength is that the survey includes many foods from the top 5 sources of sodium consumption in the United States. Weaknesses include the following: (1) the sample of 402 processed foods and 78 restaurant products represents only a small fraction of the 15 000 to 60 000 products (including nonfood items and several sizes of many foods) available in supermarkets 34 and additional thousands sold by restaurants; (2) the period surveyed was only 6 years; (3) not all brands and food categories were included; (4) only chain restaurants' products were included; (5) the survey does not capture new, lower-sodium foods; and (6) the data were not sales weighted, so changes in small-selling and largeselling products counted equally. Ideally, large, national, salesweighted, prospective surveys should be conducted, enabling identification of companies that are making particularly good or poor progress and food categories that represent special challenges.
As the IOM concluded after reviewing dietary intake surveys over recent decades, 19 voluntary action has failed to reduce sodium levels in foods to any meaningful extent. Our survey of 480 foods monitored between 2005 and 2011 leads to the same conclusion. The result of that inaction is that consumption of sodium remains at undesirably high levels. Given the high levels in processed and restaurant foods, it is difficult for consumers to lower their sodium intake. The IOM recommended that, to reduce the risk of cardiovascular disease, the Food and Drug Administration should set maximum use levels based on what is feasible for different categories of foods and gradually lower them. A traditional recommendation among physicians for treating and preventing high blood pressure is to counsel patients on reducing sodium intake. 35 While in an ideal world that recommendation would be sufficient to lower blood pressure in the patient population, in the real world it places unrealistic demands on both patients and physicians given the high sodium levels present in processed and restaurant foods. A recent study 36 showed that, although most adults with hypertension received advice to lower sodium intake from their physician, actual intake was more than twice the levels currently recommended. To protect the health of our patients, prompt, strong regulatory action to lower levels of sodium in processed and restaurant foods is necessary. Those limits should be lowered gradually over the next 10 years to ensure that we meet at least a 50% reduction in sodium intake. 
